Movement through an environment provides sighted organisms with dynamic visual cues known as optic flow. In flying insects, optic flow is important for collision avoidance, flight speed control and landing manoeuvres. The function of optic flow is much less understood in other taxa, particularly in fish. Despite a lack of quantitative studies, optomotor responses (OMRs) to optic flow are presumed to be nearly ubiquitously important for rheotaxis (orientation to currents), a widespread behaviour that confers a number of benefits, including energy conservation. Here we show that while very young larval zebrafish, Danio rerio, exhibit positive OMRs (swim in the direction of optic flow), thereby minimizing optic flow on the retina, older larvae and adults exhibit negative OMRs that increase optic flow. While the reason for this reversal remains unclear, negative OMRs are inconsistent with optically driven positive rheotaxis (orienting upstream). Furthermore, when optic flow cues are placed in conflict with nonvisual (mechanical) cues generated by water currents, adult fish largely ignore the optic flow cues relying instead on nonvisual cues. These results challenge a century-old belief that optic flow and the resulting OMRs are a dominant sensorimotor mechanism in rheotaxis, highlighting the importance of future work on life history changes in OMRs and the possible modulatory influence of learned, multisensory expectations.
Movement through an environment provides sighted organisms with dynamic visual cues known as optic flow. In flying insects, optic flow is important for collision avoidance, flight speed control and landing manoeuvres. The function of optic flow is much less understood in other taxa, particularly in fish. Despite a lack of quantitative studies, optomotor responses (OMRs) to optic flow are presumed to be nearly ubiquitously important for rheotaxis (orientation to currents), a widespread behaviour that confers a number of benefits, including energy conservation. Here we show that while very young larval zebrafish, Danio rerio, exhibit positive OMRs (swim in the direction of optic flow), thereby minimizing optic flow on the retina, older larvae and adults exhibit negative OMRs that increase optic flow. While the reason for this reversal remains unclear, negative OMRs are inconsistent with optically driven positive rheotaxis (orienting upstream). Furthermore, when optic flow cues are placed in conflict with nonvisual (mechanical) cues generated by water currents, adult fish largely ignore the optic flow cues relying instead on nonvisual cues. These results challenge a century-old belief that optic flow and the resulting OMRs are a dominant sensorimotor mechanism in rheotaxis, highlighting the importance of future work on life history changes in OMRs and the possible modulatory influence of learned, multisensory expectations. © 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
As sighted animals move through their environment, the apparent motion of the stationary surround across the retina generates optic flow cues. Optic flow has been implicated in a wide variety of behaviours across animals as diverse as insects (Collett, Nalbach, & Wagner, 1993; Egelhaaf, Boeddeker, Kern, Kurtz, & Lindemann, 2012; Srinivasan, 2011) and humans (Bruggeman, Zosh, & Warren, 2007; Warren, Kay, Zosh, Duchon, & Sahuc, 2001) . In flying insects, optomotor responses (OMRs) to optic flow have been well studied and play a pivotal role in flight control (Duistermars, Care, & Frye, 2012; Srinivasan, Poteser, & Kral, 1999) , serving, among other things, a compensatory function to minimize destabilizing influences; for example, a bumblebee making a corrective steer to the right in order to compensate for a gust of wind that causes it to veer to the left.
Although the role of optic flow and OMRs in fish behaviour is much less well studied and understood, there is nevertheless an entrenched belief, originating from the classic optic flow manipulations of Lyon (1909) , that OMRs are of paramount importance to rheotaxis and station-holding abilities of fish in currents (Arnold, 1974) . Rheotaxis is a widespread, if not universal, behaviour among fish that has many potential benefits (Arnold, 1974) , including directional guidance for migratory behaviours (Thorpe & Morgan, 1978; Tytler et al., 1978) , improved interception of downstream-drifting prey and odours (Baker, Montgomery, & Dennis, 2002; Gardiner & Atema, 2007) and energetic cost savings (Montgomery et al., 1995) . Although rheotaxis is typically positive (orienting upstream) (Arnold, 1974; Bak-Coleman and Coombs, 2014; Bak-Coleman, Court, Paley, & Coombs, 2013; Lyon, 1909; Montgomery, Baker, & Carton, 1997) , especially among stream-or river-dwelling species (Clausen, 1931) , it can also be negative (orienting downstream), as is true for diadramous species like salmonids, which are negatively rheotactic during their downstream migration to the sea as juveniles and positively rheotactic during their upstream migration to their natal freshwater spawning sites as sexually mature adults (Thorpe & Morgan, 1978; Veselov, Kazakov, Sysoyeva, & Bahmet, 1998) .
The evidence in support of OMRs underlying the more typical positive rheotaxis rests largely on behavioural responses of fish to two types of optic flow stimuli in the absence of any water currents: 
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